The concept of 'resilience' has recently gained traction in a range of contexts. Its various interpretations and framings are now used to examine a variety of issues, particularly relating to the human dimensions of global change. This can pose challenges to scholars, practitioners, and policy-makers seeking to develop focused research programmes, design targeted interventions, and communicate across disciplinary boundaries. The concept of resilience is widely used in Aotearoa-New Zealand, where it informs both government policy and research programmes. Resilience is particularly relevant in this small developed nation, which is heavily reliant on primary production in rural areas and affected by a range of geological and climatic hazards. To understand the range and extent of application of resilience in the rural context, we use systematic review methods to identify, characterise, and synthesise this knowledge base. Currently, research applying the concept of resilience in the rural context is limited in areal extent, largely quantitative in nature, and led by a small number of researchers. There is limited evidence of collaboration. Research has focused on a small number of hazards, failing to capture the diversity of risks and hazards in addition to their impacts. The results of our analysis and methodology offer important insights for meta-analyses of risk and hazard scholarship. The findings provide a baseline to track the future progress and effectiveness of resilience interventions and help inform current and future research priorities targeting persistent vulnerabilities in rural New Zealand and elsewhere.
Introduction
Aotearoa-New Zealand (hereafter 'New Zealand') is a developed, export-led country that is heavily reliant on primary economic activities such as forestry and farming for economic growth. Together, primary industries contribute 6.8% of real gross domestic product (GDP) and account for over 50% of export earnings (New Zealand Treasury 2016) . Rural New Zealand occupies an important place in the social and cultural life of the nation. Local populations are dependent on the viability of agricultural production because it is the predominant economic activity for many regional areas and directly influences the viability of the service sector .
Exposure to risks and hazards-including earthquakes, floods, snowstorms, and the current and anticipated impacts of climate change-has significant implications for rural New Zealand. The country's trade-oriented agricultural economy is already sensitive to climatic variability and extremes (Stroombergen et al. 2006) , floods (Lawrence et al. 2013) , droughts (Harrington et al. 2014) , climate variability (Kenny 2011; Cradock-Henry 2017) , and earthquakes (Stevenson et al. 2017) . Such risks have flow-on effects for rural productivity, community wellbeing, and GDP. The 2010/2011 Canterbury earthquake sequence, for example, caused unprecedented damage to the city of Christchurch and its rural hinterland. More recently, the 2016 Kaikoura earthquakes had significant impacts on the largely rural district of Kaikoura, exerting immediate and far-reaching effects on related industries such as transportation and tourism. These events have focused national attention on disaster recovery, the importance of rural areas, and the factors that enhance or impede the ability of such areas to prepare for and respond to hazards.
This renewed attention on rural New Zealand's vulnerabilities has been increasingly framed in terms of resilience. A vision of a 'resilient New Zealand' has underpinned government policy since the Civil Defence and Emergency Management Act 2002. New Zealand policy and planning documents at local, regional, and national levels rely heavily on this concept of resilience (Hayward 2013) . They are informed by the growing global focus on resilience as evidenced, for example, in the recent admission of Christchurch and Wellington to the Rockefeller Foundation's '100 Resilient Cities' network.
The increasing currency of this term has given rise to criticisms that it is loosely defined (Brown 2014; Miller et al. 2010; Turner II 2010) and a 'fuzzword' or open signifier that lacks an agreed-upon meaning (Alexander 2013; Olsson et al. 2015; Tanner et al. 2015) . The growing social and political credence of resilience, however, makes it important for researchers to engage with this concept to produce 'actionable information' (Vogel et al. 2007 ) and inform policy and planning. This article defines resilience as 'the ability of a system, community or society exposed to hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a timely and efficient manner, including through the preservation and restoration of its essential basic structures and functions' (United Nations International Strategy for Disaster Risk Reduction 2009, p. 24) .
The systematic review has been funded and produced as part of Resilience to Nature's Challenges-Kia manawaroa-Ngā Ākina o Te Ao Tūroa (RNC), one of 11 National Science Challenges established in 2015 to address priority topics for New Zealand. This decade-long investment in RNC is aimed at enhancing New Zealand's resilience to natural disasters through an inclusive and transdisciplinary approach in which social and natural sciences and stakeholders 'co-create' resilience solutions (Thompson et al. 2017) . The RNC research programme has four co-creation laboratories, which focus on specific societal contexts (urban, rural, coastal, and Māori) . The rural work stream is an empirically focused, interdisciplinary research programme that aims to enhance the resilience of New Zealand's rural communities, enterprises, and regions by developing targeted interventions, tools, knowledge, and policies (Basher 2008; IFRC 2014) .
A critical review of and reflection on work to date was necessary to identify and begin to address knowledge gaps and future research directions. We used systematic review methods to characterise research that applies the concept of resilience to rural New Zealand. 'Systematic review' refers here to a particular methodological approach for the synthesis of available scientific evidence. It is 'a summary and assessment of the state of knowledge on a given topic or research question, structured to rigorously summarize existing understanding' (Ford et al. 2011, p. 328) . A strict methodology is utilised to collect, appraise, and compile all pertinent studies on a specific research question and to ensure that outputs are objective, transparent, traceable, and updateable.
While systematic reviews have long been integral in the field of health care, researchers have more recently begun to recognise their value in addressing questions in the social sciences (Green and Higgins 2008) . In fields as diverse as climate change vulnerability, impacts, adaptation (Berrang-Ford et al. 2015; Ford and Pearce 2010; Lwasa 2014; McDowell et al. 2014) , biodiversity and ecology (Bilotta et al. 2014; Pullin and Stewart 2006) , and water management (Brisbois and de Loë 2016; Plummer et al. 2012) , systematic reviews have been used to improve understanding of inconsistencies, commonalities, and gaps in diverse bodies of research in order to synthesise knowledge and define future research agendas (Haddaway and Pullin 2014) . To date, there are few examples of systemic reviews pertaining to New Zealand (King 2015; McKim 2016) or to the risk and hazard literature (Jurgilevich et al. 2017; Smith et al. 2016) .
Given the growing prominence of the resilience concept and the explicit focus of this research programme on rural areas, a systematic review was undertaken of research publications that apply resilience in the context of rural New Zealand. The research identifies, synthesises, and presents an up-to-date assessment of this literature. This is a crucial first step in understanding the state of knowledge on rural resilience in New Zealand and identifying the factors that shape resilience. The research develops a strong foundation from which to shape and inform research activities in the RNC Rural programme and to contribute to discussion on mainstreaming resilience thinking into local, regional, national, and international disaster risk reduction. It also contributes to the emerging body of literature that extends the application and development of systematic review methods to the field of disaster and hazard risk management.
Method
Systematic reviews have been used elsewhere to inform research programmes, identify targeted interventions, and derive an evidence base to inform management and policy (Bilotta et al. 2014; Cook et al. 2013) . They are a vital tool for surveying large bodies of knowledge and providing a baseline from which to measure advances in understanding.
The current review is geographically bounded in that it is limited to rural areas. It relies on the 2014 Statistics New Zealand classification of rural areas into the following four categories, based on the degree of urban influence: highly rural/remote, low urban influence, moderate urban influence, or high urban influence.
1 Second, the review relies on the use of the term 'resilience' in order to identify relevant literature. This criterion was set due to resilience having social and political credence in New Zealand and in order to allow focusing on studies that use resilience frameworks, concepts, and methodologies in order to investigate the commonalties, differences, and gaps within that body of literature. This has meant excluding studies that apply closely related concepts such as sustainability, adaptive capacity, and vulnerability but do not utilise the term 'resilience'. The focus is on clearly defined risks associated with rapid or slow-onset geophysical, hydrological, or climatological hazards. We include within our analysis a consideration of climate change, which is already exacerbating the effects of climate-related risks in New Zealand, and which in turn may compound the consequences of other types of hazard (Lawrence et al. 2013) .
The literature search was confined to peer-reviewed journal articles listed on databases that were selected in consultation with a research librarian. These included Web of Science, Scopus, Index New Zealand, ProQuest Central, and two EBSCO databases (GreenFILE and Academic Search Complete).
2 To ensure maximum sensitivity, only two keywords were used: (Zealand*) 3 and (resilien*). Many databases provide the option of culling items that are not articles. However, this feature was not used because databases are prone to having uncategorised records. A review of Scopus found that 3.8 million of its 27 million records were unclassified and might automatically-and potentially erroneouslytherefore be excluded if the search were limited to articles (Dess 2006) . Figure 1 summarises the search criteria and protocol.
Studies were excluded from the review if they were not (a) available in English, (b) peer-reviewed, (c) focused on rural New Zealand, and (d) concerned with community resilience to hazards. The first criterion did not result in any exclusions. Excluding non-peer-reviewed studies was necessitated by the large initial sample size. Berrang- note that 'for a research question with a very large and diverse amount of information, the reviewer may need to identify ways of placing limits on the review so that it can be feasibly conducted' (p. 762), and they suggest only including peer-reviewed works as one such method.
Criterion (c) resulted in additional exclusions. For example, a study of the Canterbury earthquake sequence that only addressed the city of Christchurch would be excluded, whereas one that also focused on non-urban areas of the Canterbury region would be included. Studies were excluded for two reasons under criterion (d): they did not focus on human communities or did not pertain to hazards. For example, studies in ecology commonly use the term 'resilience', but these were excluded due to their focus on animal or plant species. Similarly, exclusions occurred in fields such as medicine and psychology due to the lack of relevance to natural hazards. To ensure accuracy, the primary researcher (lead author) shared the list of included and excluded studies with the three coauthors during a peer review process.
A 'realist review' approach was used to analyse included articles. Realist reviews allow both qualitative and quantitative methods to be used and are better suited to complex and/ or interdisciplinary research than purely quantitative methods (Berrang-Ford et al. 2015) . The realist approach is 'applicable when the aim of the research synthesis is to understand why and how a policy/practice works, for whom, and in what context it is effective or ineffective' (Berrang- Ford et al. 2015, p. 758) . Quantification, such as via the bibliometric analysis presented below, is used to complement thematic analysis where appropriate.
Findings and discussion
New Zealand's research community is comparatively modest in size, with both contestable competitive funding and strategic non-competitive science investment from central government supporting the majority of research activity. The main research institutions include publicly funded universities and associated research centres, Crown Research Institutes (CRIs), and private research bodies such as multinational consulting firms, contractors, and individual researchers. Current science investment from central government is approximately 0.65% of GDP (NZ$1.5 billion p.a.) compared to 0.8% of GDP for other OECD countries (Ministry of Business, Innovation & Employment 2015) .
The following section begins with a discussion of the bibliometric analysis of the 51 included studies and of the institutional and disciplinary landscape. Thematic analysis of the articles is also presented in order to identify knowledge gaps and research priorities. The results suggest that there is a small community of rural resilience researchers who collaborate on multiple projects/studies in New Zealand. Research is 1 Note that rurality can be defined in a number of different ways-population density, political boundaries, or reliance on sources of primary production (e.g. McIntosh et al. 2008) . For the purposes of this systematic review, the Statistics New Zealand (2014) classification was particularly apt, in that it uses residential and workplace addresses to demarcate a range of categories that reflect the diverse social characteristics of those currently living across the New Zealand urban-rural spectrum. 2 The initial search conducted on 19 December 2016 produced 2263 results. Databases were monitored for relevant additions until 27 March 2017. Five potentially relevant studies were added during this time for a total of 2268 records. Three of those were added to the systematic review. 3 The * search operator finds all words beginning with the preceding letters. 'Zealand*' thus also returns results for 'New Zealander(s).' 'Resilien*' returns results for resilience, resiliency, and resilient. disproportionately concentrated in selected institutions, and there is limited co-citation.
Bibliometric findings
Of the 1531 non-duplicate studies reviewed, 51 consider rural New Zealand's resilience to natural hazards. The included articles and their citation counts are shown in Table S1 . Justification for the inclusion of each and its relevance is provided in Table S2 . The majority of articles have not been frequently cited, with the four most cited studies having received nearly as many citations as the rest combined (see Table S1 ).
The articles are distributed across a range of journals, though most are disciplinary or thematic in nature. VOSviewer citation analysis software, which was used to analyse the included studies, shows that there is little evidence of co-citation. In other bibliometric studies of resilience, there is evidence of high numbers of co-citation and of papers from multiple knowledge domains serving as bridges between conceptual and methodological approaches (Janssen et al. 2006 ). This appears to suggest greater integration between applied and theoretical work on resilience and the need to consider sustainability and environmental challenges from multiple perspectives (Janssen 2007) . In New Zealand, however, despite the relatively small size of the research community and the fact that many of the authors know one another, there are few examples of individuals referencing other New Zealand research in the same or similar field; most of the research in this area is 'siloed' (Fig. 2) . This lack of collaboration may result from the distributed nature of research, which is done by universities, CRIs, and private and quasi-public research centres and consultancies, in addition to the competitive nature of contestable funding in New Zealand. The lead author of one of the most frequently cited papers is based in Europe (Darnhofer et al. 2010) .
VOSviewer was also used to identify influential prior research and co-authorship. No prior research was cited by more than two of the included studies, except an article by Smit and Wandel (2006) entitled Adaptation, adaptive capacity and vulnerability (cited by four studies). Analysis of coauthorship allows identifying key links between researchers. The authors of the majority of manuscripts are not connected to one another, with the exception of a few key nodes (e.g. Wilson and Johnston) (Fig. 3) . These research clusters reflect three loci of collaborative resilience research in New Zealand: the Joint Centre for Disaster Research (shown in blue), GNS Science and the University of Canterbury (in green), and the University of Canterbury and Resilient Organisations (in red). Thirty-five (69%) of the studies were conducted by and funded through New Zealand universities, with the remaining ones being generated by independent research groups (13 studies; 26%) and government agencies (three studies, 6%). Four studies have primary authors based overseas. See Table   S3 for further details about the organisations responsible for the included studies.
The application of resilience concepts to rural research in New Zealand is a relatively new phenomenon: one article is from 1997 and the rest were published in 2001 or later (see Fig. 4 ). There has been a steady increase in the number of studies on this topic, and three articles have been published in the first 3 months of 2017, indicating that this year could see substantially more research in this vein. This is in keeping with trends in the international literature, which shows an Fig. 2 Co-citation between the included studies (generated using VOSviewer software; larger circles denote more frequently cited articles; colour denotes clusters of articles that cite one another). Three of 51 studies were not included in the VOSviewer analysis as they are not available in Scopus (for comprehensive analysis, the records need to be imported into VOSviewer from Web of Science or Scopus): Sampson and Goodrich 2005; Cooper-Cabell 2016; Espiner et al. 2017 increase in resilience-related publications year-on-year (Bunce and Ford 2015; Giupponi and Biscaro 2015; Olsson et al. 2015; Kelman et al. 2016) .
Studies have used a diverse range of methods, including case study, quantitative, and mixed methods analysis (Fig. 5 ). There is a scope for further qualitative, exploratory research. The use of alternative methods, such as simulation games to explore emergency management situations (Huggins et al. 2015) or analyses of historical materials (Cashman and Cronin 2008; King 2015) , is potential pathways for further methodological advancement.
Given New Zealand's location on the Pacific Rim, earthquakes are the most frequently studied hazard (16 articles; Fig. 6 ). Hazards in general (10), climate change (8), and volcanoes (7) are also frequently studied. Floods, which are the most frequently occurring and costly hazard (Insurance Council of New Zealand 2017), require further study. There is also a scope for further investigation of rural resilience to hazards such as fires, storms, landslides, tsunamis, severe winds, snow, and droughts, as well as the cascading effects of hazards on distributed infrastructure (Officials' Committee for Domestic and External Security Coordination 2007).
Studies are spatially distributed across the regions, with unequal attention on Canterbury (13 articles; Fig. 7 ). Eleven studies are New Zealand-wide. Westland, Bay of Plenty, Ruapehu, and Hawke's Bay have also been studied more than once. Future studies could apply the Statistics New Zealand (2014) categorisation of rural areas to determine differences between those that have high, moderate, low, or minimal urban influence to investigate how to build resilience across different settings (see Whitman et al. 2013) .
The papers analysed address a range of stakeholders, with many focusing on the general resilience of communities and community members (Fig. 7) . Resilience has also been frequently studied in relation to farming and primary economic activities, with 14 papers addressing the topic. Nine papers Year of publication discuss organisational resilience, and eight focus on disaster response agencies and emergency managers. Only four papers investigate the resilience of the tourism sector in rural areas. Due to the reliance of many rural areas on tourism (Stewart et al. 2016) , there is a scope for further studies on this subject.
Thematic analysis
The following section identifies and discusses key themes from the 51 studies: resilience of rural community members, rural organisations' resilience, and recovery and response personnel's role in fostering rural resilience.
Factors affecting the resilience of rural community members
Rural communities' response to hazards varies due to their different values and perceptions of risk (Rouse et al. 2016 ). For example, Miller et al. (1999) suggest that physical threats are more salient immediately after a disaster, but that economic threats become more important during recovery. The most salient aspects of a hazard also vary within a community. Rural areas often have diverse stakeholders (e.g. farmers, tourism operators, international visitors), with each having different levels of risk awareness and preparedness. Likewise, Elms (2015) argues that flows between different communities need to be considered in order to understand resilience on a broader spatial scale. Self-efficacy and problem-solving coping strategies demonstrably reduce vulnerability to volcanic hazards (Miller et al. 1999; Paton et al. 2001 ), though Miller et al. found that 'sense of community' does not affect it. Their findings may be due to the seasonal nature of the population in their study area-winter tourism in Ruapehu. Conversely, Sampson and Goodrich (2005) found that the resilience of two Westland communities who lost their primary source of income (forestry) was a function of a strong community identity, in addition to resourcefulness and place attachment. This supports Marshall and colleagues' findings from rural Australia on the positive relationship between place attachment and climate change adaptation and resilience (Marshall 2011; Marshall et al. 2013a,b) .
Resilience to wildfires, such as the Mount Somers fires in 2003 and 2004 (Jakes and Langer 2012), was also enhanced by attributes such as strong community ties and local knowledge that were in place pre-disaster. The extent to which factors such as community ties and place attachment contribute to resilience therefore may vary depending on the specific characteristics of the community, particularly the transience of its population. This has significant implications for hazards resilience in New Zealand since rural regions have high proportions of seasonal (e.g. holiday home) and transient (e.g. tourist and farm worker) residents. This presents a significant gap in current knowledge and requires further study.
Other themes identified in the literature include the significance of workshops and other forms of knowledge exchange to provide support services to community members before and after disasters (Britt et al. 2011; Cooper-Cabell 2016; Finnis et al. 2010; Orchiston et al. 2013; Paton et al. 2001; Tipler et al. 2016) . Workshops were shown to help individuals' process hazards (Britt et al. 2011; Cooper-Cabell 2013; Orchiston et al. 2013) , and participants become more resilient in terms of preparedness and hazards awareness (Finnis et al. 2010; Tipler et al. 2016 ). Workshops and similar events help rural communities cope with disasters, but recovery is not a linear progression. For example, Britt et al. (2011) showed that residents experienced more than one 'disillusionment dip' after the Canterbury earthquakes. While there was a slight decrease in emotional stability for those most affected by the earthquakes, other personality-related traits remained stable (Milojev et al. 2014) . Building resilience thus requires awareness of the long-term implications of disasters.
The tension between different aspects of centralised (local or national government) and community or stakeholder participation was also evident in the reviewed research (Espiner and Becken 2014; Mamula-Seadon and McLean 2015) . The need for expert advice and national guidance to help rural communities to prepare for and respond to disasters ) must be balanced against the importance of local knowledge and practices (Jakes and Langer 2012; Rouse et al. 2016 build resilience, but the planning process is just as important (Mitchell et al. 2010) . Clarification and justification of the role of public participation in post-disaster recovery, either substantive or procedural (Vallance 2015) , has also been studied, though to a more limited extent. Finally, a small number of studies have investigated students' resilience and hazard perceptions (Beaglehole et al. 2017; Finnis et al. 2010; Thomson et al. 2016) . Evidence from these studies highlights that rural areas can build resilience by implementing measures to allow students to maintain a semblance of their normal routines after disasters (Beaglehole et al. 2017; Thomson et al. 2016) .
Factors affecting organisational resilience
Organisational resilience, which focuses on the ability of organisations to recover from sudden disruptions, is the focus of several studies. This includes work on characterising resilience at multiple scales (i.e. at the institutional level and across value chains) and the resilience of organisations in particular industries, such as farming and tourism. The characteristics of resilient organisations include good communication, an absence of silos, flexibility, and relationships with stakeholders (McManus et al. 2008) . Managing risks along supply chains (Kachali et al. 2012 ) and the identification of keystone vulnerabilities and strengths within an organisation can be a useful process for learning how to leverage those areas to build resilience (McManus et al. 2008) .
Organisations' recovery post-disaster is positively correlated with how quickly utilities are repaired (Kachali et al. 2012; Wilson and Cole 2007; Whitman et al. 2013 Whitman et al. , 2014 , and backup provisions for such services can enhance resilience (Whitman et al. 2013 ). Policy to enable rapid reinstatement of infrastructure-bypassing the usual public consultation requirements-could help in this regard (Rotimi and Wilkinson 2014) . Another key component of organisational resilience is staff wellbeing and inter-personal relationships (Brown et al. 2017; Kachali et al. 2012; Whitman et al. 2014) . Training staff to respond to disasters is particularly important in rural areas with high numbers of tourists, since visitors may not know the correct procedures (Leonard et al. 2008; Orchiston 2013) .
Contrary to other research, Brown et al. (2015) found that the size and age of an organisation were not associated with earthquake resilience in Canterbury; rather, the sector of operation was the key. This suggests the need for region-, sector-, and organisation-specific research on resilience. Work by Kelly and Smith (2012) showed that farmers who had previous experience with damaging snow storms were able to recover more quickly. This suggests that when organisations have some degree of control over their resilience and recovery, those in harder-hit areas will not necessarily take longer to recover.
The resilience of primary economic activities is also the focus of several studies, including some more recent work. Research on resilience of primary industries emphasises the importance of learning and adaptability to cope with a range of shocks and stressors (Kenny 2011; Pomeroy 2015; Tanner et al. 2015) . In one of the most widely cited papers in our analysis, Darnhofer et al. (2010) propose that learning and adaptabilitynot production and efficiency-are the most important factors in farm resilience. In a case study of the New Zealand kiwifruit industry, Cradock-Henry (2017) characterised the tactical and strategic adaptation strategies used by growers to manage risks associated with climate variability and change, urbanisation, and market risks. Tactical adaptations include short-term methods (such as farmers burning hay to heat crops during unusually cold periods), whereas strategic responses involve medium-to long-term options (such as altering pruning methods as the climate changes). Future studies could evaluate how rural communities can utilise both strategic and tactical adaptive strategies to build resilience to hazards.
Beyond the scale of individual farmers, the resilience of primary industries nationally is enhanced by its adaptability, complexity, and diversity (e.g. various relative proportions of sheep and beef, differing levels of irrigation and intensification, various paid and unpaid labour sources, and engaging in off-farm work) (Hunt 2015; Nettle et al. 2015; Pomeroy 2015) . As a whole, the farming sector may be more resilient due to diversity in individual approaches to risk, production methods, and labour sources. For example, some pastoral farmers can potentially convert some land to plantation forest. This initiative can enhance farmers' resilience (such as their ability to cope with market uncertainty and potential future environmental regulations) and also contribute to national (Monge et al. 2016) . However, there is more broadly a shift towards intensification-rather than diversification-which is creating new exposures and vulnerabilities (Cradock-Henry and Mortimer 2013). Opportunities to enhance farm-level resilience may be realised through greater collaboration with researchers (Kalaugher et al. 2013 ) and by capitalising on farmers' knowledge (Nettle et al. 2015) . Evidence from eastern New Zealand shows that some farmers are already adopting resilienceenhancing adaptive strategies to cope with climate change (Kenny 2011) . Researchers can play a role as knowledge brokers to facilitate peer-to-peer learning, bringing 'smart farmers' together with others to communicate adaptive land management practices, much like the successful 'Climate Adaptation Champions' programme in Australia (Meijerink and Stiller 2013) . Likewise, scientists' findings on developing resilience to hazards (e.g. Wilson and Cole 2007) need to be more effectively communicated and implemented.
The results of the analysed studies also highlight the important contextual differences in resilience between rural farming and non-farming organisations. Whitman et al.'s (2013) study of responses to the 2010 Darfield earthquake, for example, showed that stress was a major organisational challenge for farmers, whereas for non-farmers, the primary concern was maintaining cash flow. Likewise, farmers' relationships with neighbours were critical for ensuring labour, food, water, and animal husbandry could be attended to. For non-farming organisations, insurers and lenders were of vital importance. Studies of both floods and snowstorms conclude that neighbourhood and community relations were integral factors in determining farmers' resilience; however, outside help is also needed to restore basic infrastructure following a disaster (Kelly and Smith 2012; Smith et al. 2011) . Postdisaster initiatives to provide psychological support to farmers and pre-disaster efforts to build community ties may contribute to farmers' resilience as well (Whitman et al. 2013) .
Technology is also an important influence on resilience for farming systems. Enhancing production during 'business as usual' has the potential to exacerbate vulnerabilities during crises and recovery (Smith et al. 2011; Kelly and Smith 2012) . For example, a lack of cell-phone coverage following snowstorms in southern Canterbury hindered recovery as farmers had come to rely on it for communications (Kelly and Smith 2012) . Likewise, if disaster events destroy or impair technologyintensive agriculture systems, farmers will not necessarily have the skills or resources to maintain the level of production required to remain viable (Smith et al. 2011) . While New Zealand farms are larger than they used to be, many are still familyowned (Smith et al. 2011 ) and carry high levels of debt, which must be serviced (Cradock-Henry and Mortimer 2013) .
Resilience has also been applied to the tourism sector (Espiner et al. 2017; Espiner and Becken 2014; Orchiston 2013; Stewart et al. 2016) , and research emphases the importance of community participation and diversification (Espiner et al. 2017) . For instance, glacial recession of the Fox and Franz Josef Glaciers has prompted operators to offer increased air access and to build new tracks to allow visitors to view the glaciers (Stewart et al. 2016) . Nearby communities have also capitalised on new prospects being created by marketing the opportunity to witness glacial recession (Stewart et al. 2016) . Espiner and Becken (2014) found that most stakeholders in the Fox and Franz Josef Glacier areas were unaware of the fragility of the region's tourism sector. The authors argue that the 'hardened' attitude of many residents in the area results in a willingness to cope with living in a remote environment. This attitude may contribute to resilience, but may also result in a blind spot in terms of recognising their vulnerability to hazards that threaten the region's economic livelihood. Communitybased disaster training and response plans may be particularly useful for tourism operators in peripheral areas due to their preexisting strong community ties (Orchiston 2013) .
The role of recovery and response personnel and agencies
The final theme identified in the analysis emphasised the role of recovery and response personnel and agencies. Information-sharing between organisations and to improve warning systems and disaster management technologies can enhance resilience and speed recovery (Huggins et al. 2015; Dantas and Seville 2006; Leonard et al. 2008 Leonard et al. , 2014 . This includes better communication of research findings to industry ; involving endusers in disaster risk-reduction technologies (Dantas and Seville 2006) ; and encouraging infrastructure managers, scientists, and governments to collaborate to design hazard education materials .
To ensure more effective responses, organisations should work together prior to a disaster (Johnston et al. 2012) . Predisaster collaboration could be used to develop a shared understanding of roles during an emergency (Johnston et al. 2012) and to build relationships between outside experts and local stakeholders . The need for coordination between national and local groups is evidenced, for instance, by the importance of four-wheel drive clubs in assisting disaster response authorities after a series of snowstorms in southern Canterbury (Kelly and Smith 2012) .
Conclusions and suggestions for future research
The results of our research-commissioned as part of a larger programme on rural resilience in New Zealand-demonstrate the value of conducting a systematic review to inform multiyear, multidisciplinary research projects. The 51 included studies address a diverse set of hazards, geographic areas, and stakeholders. The review systematises a diverse body of research and identifies key research gaps. Systematic reviews provide researchers with a rigorous and robust method for characterising available published information about a particular topic. While systematic reviews are methodologically rigorous, they are not without their limitations. As this study has shown, limiting the search criteria to 'rural' and 'resilience' may preclude inclusion of some related studies. However, the sample captures studies that apply the concept of resilience in the context of rural New Zealand and, as such, provides the basis for investigating how this concept is operationalised in the literature, the determinants and antecedents of resilience, and fruitful areas for future study. Notably, while some of the reviewed articles discuss Māori (the indigenous people of Aotearoa-New Zealand), the results reveal considerable gaps in the fields of traditional ecological knowledge, emergency management, and rural resilience from an indigenous perspective. There has been work on indigenous perspectives on tsunami risk in Aotearoa-New Zealand (King 2015) as well as Māori experiences with urban earthquake hazards (Phibbs et al. 2015) , but there is lack of research specifically on the relationship between rural resilience and Māori. This is significant as Māori have management responsibility for large areas of rural land as well as commercial agribusiness and forestry interests which are likely to be exposed to a range of hazards.
The 'fuzziness' of resilience can encompass a number of other related topics including adaptability, flexibility, coping capacity, sustainability, and transformation (Rodriguez and Sadras 2011; Berman et al. 2012; Cowan et al. 2013; Marshall et al. 2013a) . Furthermore, some scholars may be disinclined to use the term (Olsson et al. 2015) , for example due to conceptual, theoretical, or ontological differences between disciplines (McEvoy et al. 2013; Nelson 2011) . A comprehensive review of the resilience, vulnerability, adaptation, and transformation literatures might reveal even more about the characteristics of the risks, opportunities, and management strategies used to cope with hazards, but such a project is beyond the scope of the present study.
The key finding of the review is that while resilience is increasingly used in relation to rural New Zealand, there is not yet a cohesive body of work investigating the determinants and outcomes of resilience in this specific geographic area. In part, this is due to the nature of funding, which has historically been short-term in nature and distributed amongst universities, CRIs, and non-government organisations. A small number of researchers, largely allied along disciplinary or institutional lines, have led work in this field. The current RNC programme of work is developing and applying new ways of working across various domains in an effort to develop new solutions (Thompson et al. 2017) .
Drawing on the results of the analysis, it is clear that perceptions of hazards vary temporally and spatially across rural communities. Determining the extent to which place attachment and community ties enhance resilience (Miller et al. 1999; Sampson and Goodrich 2005; Jakes and Langer 2012) could provide new insights into solutions-focused pathways specific to rural contexts (Miller et al. 1999; Rouse et al. 2016) . For example, workshops and educational events can enhance resilience both pre-and post-disaster (Finnis et al. 2010; Britt et al. 2011; Orchiston 2013; Tipler et al. 2016) .
A balance must be struck between respecting local knowledge, and ensuring 'expert' research on resilience is put into practice (Mitchell et al. 2010; Mamula-Seadon and McLean 2015; Vallance 2015) . Case study research could be instrumental in developing a framework for effective coordination between experts and rural community members. Rural communities often have pre-existing strong community ties (Smith et al. 2011; Kelly and Smith 2012; Whitman et al. 2013) , so effectively harnessing existing relationships, collaborative groups, and social capital to build resilience could provide new pathways for disaster risk reduction.
Further research on how to accelerate the recovery process for rural communities (with their own particular set of infrastructure-related difficulties) is also critical. Such work could examine the vulnerability of daily routines dependent on distributed and built infrastructure-roads, electricity, and school attendance, for example-and ensure that they are sufficiently robust to resume functioning as soon as possible (Elms 2015; Beaglehole et al. 2017; Thomson et al. 2016) . At an organisational level, testing insurers to determine their capacity to expedite claims in the event of a crisis would also be useful (Brown et al. 2015; Kelly and Smith 2012; Wilson and Cole 2007; Rotimi and Wilkinson 2014) .
Rural commodity production is a key economic driver for New Zealand, and ensuring the resilience of supply chainsfrom pasture to port-is vital. Interconnectedness between organisations (McManus et al. 2008; Kachali et al. 2012 ) and staff resilience within organisations was also shown to be an important feature of rural resilience (Leonard et al. 2008; Orchiston 2013; Brown et al. 2015) . Guidance on enhancing employee resilience specifically for rural contexts may reveal new or different stressors and opportunities from their urban counterparts. Further research is also needed on the resilience of rural areas' primary income sources-farming and tourism. The increasing reliance of those systems on technology poses an interesting area for research in terms of how technologies might contribute to and hinder resilience (Smith et al. 2011; Kelly and Smith 2012) . Longitudinal studies of how individuals and organisations progress through the recovery process would also be particularly useful (Paton et al. 2001 ; for a similar argument in the context of vulnerability to climate change and the use of cohort and trend studies, see Fawcett et al. 2017) .
Finally, while resilience was originally focused on establishing a return to normal, critical scholarship has promoted a normative shift in resilience studies to draw greater attention to the role of agency, power, and social justice using livelihoods frameworks (Brown and Westaway 2011; Olsson et al. 2015; Tanner et al. 2015) and highlighted the need to consider uncertainty and surprise in planning for the future (Welsh 2014) . This is particularly relevant for rural regions which face the compounding effects of multiple socio-cultural and economic stressors (Burton and Peoples 2014; Pomeroy 2015) in addition to climate change and natural hazard events (Leichenko and O'Brien 2008; McCubbin et al. 2015) . Gaining insight into the ways in which antecedent conditions, social processes, and political and economic considerations influence post-disaster outcomes in rural settings can help inform new tools, processes, and practices to ensure resilient rural futures (Cradock-Henry et al. 2018 ). This should be prioritised in future research, particularly as the effects of climate change are already being felt in New Zealand (Harrington et al. 2014) and have the potential to interact with and compound the effects of natural hazard events.
Rural resilience research in New Zealand is still inchoate. The reviewed studies have produced numerous indications of how to foster resilience in this context, but further research is needed in each of these dimensions to inform policy and enable local resilience-building initiatives. Bespoke resilience solutions for rural regions must account for the differences in the availability of critical lifelines, infrastructure, community ties, and place attachment. Such research is particularly important in New Zealand as rural communities, via the farming and tourism sectors, form the social, economic, and cultural backbone of the country. These rural areas face an increasingly complex and interrelated set of future challenges.
